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Serum myoglobin levels were measured in normal subjects and patients by means of a newly developed radioimmunoassay. Myoglobin was identified in all of 135 sera from normal adults and ranged between 6 and 85 ng/ml (mean± SE 31 ± 1.3). Raised myoglobin levels were present in 62 of 64 patients with documented acute myocardial infarction, the mean serum concentration being 528± 76 ng/ml. Serial determinations in 46 patients with acute infarct showed that maximum values usually occurred within 4 hours after admission. In 19 of 42 cases, raised myoglobin levels preceded the rise in creatine kinase (CK) values; in the remaining patients, both serum myoglobin and creatine kinase were increased on admission. Only 2 of an additional 44 patients admitted with chest pain but without subsequent electrocardiographic, enzyme, or technetium-99m stannous pyrophosphate myocardial scintigraphic evidence of acute myocardial infarction had raised myoglobin levels; the mean value for this group was within the normal range (44± 6 ng/ml). Serum myoglobin values also were normal in patients with congestive heart failure without acute myocardial infarction, and in patients after moderate exercise and cardiac catheterisation. Transient myoglobinaemia appears to be one of the earliest laboratory abnormalities occurring in acute myocardial infarction and, therefore, should prove useful as a diagnostic aid in patients.
The diagnosis of acute myocardial infarction has been traditionally based on a characteristic clinical history and typical electrocardiographic and serum enzyme findings. However, these diagnostic tests are insufficient to establish the diagnosis in every instance. Therefore, efforts continue to be made to find additional means of documenting the presence and extent of myocardial necrosis (Wagner et al., 1973; Holman et al., 1974; Willerson et al., 1975a) . Substantial evidence suggests that damage to the cardiac muscle mass might result in release of myoglobin as well as various intracellular enzymes into the circulation. Thus, other investigators have reported that myoglobin is transiently detectable in urine or serum of some patients with acute myocardial infarction (Saranchak and Bernstein, 1974; Kagen et al., 1975; Jutzy et al., 1975; Kessler et al., 1975 for myoglobin which is more sensitive than previously described methods (Stone et al., 1975) .
The purpose of this report is to describe the incidence, magnitude, and time course of myoglobinaemia in patients with acute myocardial infarction and to compare results in this group with those obtained in patients admitted to the hospital for chest pain but without evidence of acute infarction. In addition, we have measured serum myoglobin levels in individuals after exercise testing, cardiac catheterisation, open heart surgery, and skeletal muscle damage.
Methods

RADIOIMMUNOASSAY
Serum myoglobin levels were determined by radioimmunoassay as previously described (Stone et al., 1975 ) except that we have recently determined that a 4-hour incubation period is adequate for sensitive and reliable determinations of serum myoglobin values using our radioimmunoassay. In brief, myoglobin isolated from human cardiac muscle ob-375 tained at necropsy was used to immunise rabbits. Antisera containing high affinity antibodies to myoglobin were employed in a radioimmunoassay procedure in which unlabelled myoglobin standards or unknown serum samples compete with 125I-myoglobin for specific antibody combining sites. Separation of free from antibody-bound labelled myoglobin was accomplished by means of ammonium sulphate precipitation and the results calculated by usual methods. Standard curves were run with each assay and all determinations performed in triplicate. Values obtained in triplicate agreed with one another within 5 per cent. This system is capable of detecting 0.5 ng myoglobin and is not affected by haemolysis, lipaemia, or prolonged storage of serum at -20°C.
INDIVIDUALS STUDIED
Myoglobin levels were determined in sera from I: 135 normal adults (blood-bank donors) and II: pooled sera from 100 medical students.
The following patient groups were studied: (III) 64 patients admitted to the Coronary Care Unit (CCU) at Parkland Memorial Hospital, Dallas, Texas, for chest pain, who subsequently showed typical alterations by electrocardiogram, cardiac enzymes, and technetium-99m stannous pyrophosphate myocardial scintigraphy of acute myocardial infarction; (IV) 44 patients admitted to the CCU for chest pain but without subsequent evidence of acute myocardial infarction by the above criteria; (V) 17 patients with congestive heart failure but without recent myocardial infarction; (VI) 19 patients undergoing open heart surgery; (VII) 9 patients undergoing cardiac catheterisation; (VIII) patients exercised on the bicycle ergometer as part of a standard exercise test to evaluate the possible presence of coronary artery disease; and (IX) 5 patients with rhabdomyolysis. All sera were stored at -20°C before assay.
Results
NORMAL INDIVIDUALS (Groups I and II) Myoglobin was identified by radioimmunoassay in all of 135 sera from normal adults and ranged between 6 and 85 ng/ml (mean ± SE 31 ±1 3 ng/ml) ( Fig. 1) . Pooled sera from 100 medical students yielded similar results (mean ± SE 25 i 1-2 ng/ml in 10 separate assays) and were included in each experiment. The upper limit of normal was taken as 85 ng/ml which was the highest value observed in any normal individual; this value was greater than two standard deviations from the mean.
ACUTE MYOCARDIAL INFARCTION (Group III) Of 64 patients with documented acute myocardial infarction, 62 had raised serum myoglobin values on admission (mean + SE 528 ±76 ng/ml) (Fig. 1) . The average age of these patients was 55 years and 54 were men. Thirty patients had anterior, 27 inferior, and 7 subendocardial myocardial infarction. Fortysix patients in this acute infarction group had serial serum myoglobin levels determined every 2 hours for 36 hours after admission. Of the 46 patients studied serially, 40 had peak myoglobin levels within 4 hours after admission and 24 of these had peak levels initially. The values returned to normal within 12 hours in 6 patients and were normal in 41 per cent (19/46) (Fig. 2) . However, in those patients studied serially, serum myoglobin levels were statistically significantly higher (Mann-Whitney U-test) (Siegel, 1956) in patients who developed congestive heart failure after acute myocardial infarction (Fig. 3) . Two patients with acute infarction did not have raised serum myoglobin levels. Since our serial studies show that peak myoglobin levels occur early and fall toward normal in many patients, it is possible that the levels in these 2 patients had returned to normal by the time serum samples were available. Alternatively, these patients may have had quantitatively small infarcts which did not result in abnormally high levels of serum myoglobin.
CHEST PAIN WITHOUT ACUTE MYOCARDIAL INFARCTION (Group IV)
In 42 of 44 patients admitted to the CCU with chest pain but who did not show subsequent electrocardiographic, enzymatic, or scintigraphic evidence of acute infarction, serum myoglobin levels on admission remained within the normal range. Serial values on specimens obtained at 2-hour intervals for 36 hours from 5 of these patients also were normal. The 2 exceptions were a patient who had digitalis toxicity with electrocardiographic abnormalities suggestive of myocardial ischaemia (140 ng/ml) and a patient admitted with ventricular tachycardia (224 ng/ml). The mean value for this group was 44 ±6-0 ng/ml (Fig. 1 (Group V) Seventeen of the non-infarct patients had clinical evidence of congestive heart failure on admission but only 1 of these (mentioned above) had a raised serum myoglobin level (Fig. 1) .
OPEN HEART SURGERY (Group VI) Nineteen patients were studied before operation and 24 hours after operation; 5 of these patients were also studied either 5 or 12 hours after operation. Each of these patients had been on cardiopulmonary bypass and the majority of the procedures involved coronary artery revascularisation. Three of these patients were judged to have perioperative myocardial infarcts on the basis of postoperative electrocardiographic changes and technetium-99m stannous pyrophosphate myocardial scintigraphy. The preoperative myoglobin levels were normal in each patient and increased substantially during the first 24 hours after operation (Fig. 4) , even in those patients without evidence of perioperative infarction.
CARDIAC CATHETERISATION (Group VII) Nine patients undergoing left heart catheterisation with left ventricular angiography and coronary arteriography had serum myoglobin determinations performed before the procedure and at 1, 5, and 24 hours after catheterisation. The control values were normal in each patient (mean ± SE 37 + 5-7 ng/ml) and in none of the patients was there a rise outside the normal range ( >85 ng/ml) (Fig. 5) .
EXERCISE STUDIES (Group VIII) In 7 patients who underwent diagnostic bicycle exercise testing, serum myoglobin levels were obtained before and at serial intervals up to 24 hours after exercise. These patients were exercised because of chest pain suggesting coronary artery disease and they exercised to individually determined maximal levels (work load range 150-900 kilopondmetres/min, corresponding to oxygen uptakes of 06 to 2 1 1/min). None developed serum myoglobin levels outside the normal range; the mean values for the entire group were 31 ±2-5 ng/ml before exercise and 34 ±2-4 ng/ml after exercise.
RHABDOMYOLYSIS (Group IX)
Five patients with evidence of skeletal muscle damage were studied. None of these individuals had clinical or laboratory evidence of myocardial infarction. Serum myoglobin levels were raised in all instances (range 245-1880 ng/ml). 
Discussion
The data obtained in the present studies confirm and extend our preliminary findings using myoglobin radioimmunoassay in patients with acute myocardial infarction (Stone et al., 1975 ). It appears that necrosis of cardiac muscle is necessary for myoglobin release since serum levels remained normal in most patients admitted for chest pain who did not subsequently have evidence of acute myocardial infarction. It should be noted that many of these patients had chest pain of cardiac origin (angina pectoris and acute coronary insufficiency). Similarly, serum myoglobin levels were normal in 16 of 17 patients with congestive heart failure (without acute myocardial infarcts) and after moderately heavy exercise of short duration or cardiac catheterisation. Our previous studies indicated that intramuscular injections also did not raise serum myoglobin levels outside the normal range (Stone et al., 1975) . The consistently raised serum myoglobin levels noted in patients after open heart surgery or in subjects with rhabdomyolysis is not surprising (Kagen, 1967 (Kagen, , 1973 . Myoglobins of skeletal and cardiac muscle origin are immunochemically indistinguishable and, therefore, our radioimmunoassay is not specific for the cardiac muscle protein. Thus, a raised serum myoglobin level must be interpreted with caution and in the appropriate clinical context. Despite this limitation, the test appears valuable in the initial evaluation of patients admitted to the hospital with chest pain and a provisional diagnosis of acute myocardial infarction. Additionally, the assay should prove useful in patients in whom skeletal muscle necrosis occurs. Studies are currently in progress in this laboratory to establish this point firmly.
Various methods have been advocated as ways of assessing the extent of myocardial infarction in patients and experimental animals (Shell et al., 1971; Maroko et al., 1971; Willerson et al., 1975b; Stokely et al., 1976) . The serum myoglobin level may constitute another useful measure in this regard. In dogs with acute infarction produced by proximal left anterior descending coronory artery occlusion, peak serum myoglobin levels strongly correlate with infarct size determined histologically . Moreover, this correlation is similar to that observed with other methods such as creatine kinase release, praecordial electrocardiographic mapping, and technetium-99m stannous pyrophosphate myocardial scintigraphy . Thus, serum myoglobin determined by radioimmunoassay may be useful in estimating the relative extent of infarct size as well as in its diagnosis.
